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Abstract—A rate splitting based scheme is proposed to operate
a broadcast setting with two antennas at the transmit side and
two single-antenna receiving terminals. The transmitter knows
the magnitude of the channel coefficients, and it is oblivious to
the phase information. Each transmit antenna, with a power
constraint, sends a private message and a common message
to be decoded by both receivers. An achievable rate region
is obtained, which enlarges the capacity region of the vector
broadcast channel with vector channel magnitude feedback by
means of superposition coding.
Index Terms—Achievable rates, Broadcast channel, MISO,
NOMA, Rate splitting.
I. INTRODUCTION
Under full Channel State Information at the Transmitter
(CSIT), the Shannon capacity region of the MIMO Broadcast
Channel (BC) is achieved by means of dirty-paper coding
(DPC) [1]. However, the information available to the transmit-
ter could be limited by different practical constraints, mainly
due to the overhead imposed on the communication itself
by the training symbols and exchange of channel estimates
between receiver and transmitter. As a result, the transmitter
has a partial knowledge of the channel in the best case,
with finite precision and/or outdated estimates. With partial
CSIT, the computation of the Shannon capacity region has
proven elusive, although major steps have been done recently
by using, for example, the degrees-of-freedom (DoF) [2]
and generalized degrees-of-freedom (GDoF) [3] frameworks.
These are asymptotic metrics in the signal to noise ratio which
provide useful insights for practical encoding mechanisms. For
partial CSIT, when the channel estimation error scales with the
signal to noise ratio, both references have proposed schemes
relying on rate splitting strategies, already considered by Han
and Kobayashi in their seminal paper [4] for the interference
channel.
In the current work we will consider the two-user two-
antenna Multiple-Input Signal-Output Broadcast Channel
(MISO-BC). This setting, also known as the vector broadcast
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channel with single-antenna terminals [5], fits several practical
scenarios such as cellular systems with multi-antenna base
stations [6] or the multibeam satellite downlink channel [7],
[8].
Channel phase usually varies faster than magnitude, and
may pose a significant burden if reported back to the trans-
mitter [9]. Thus, departing from the finite precision CSIT
problem investigated in [2], [3], we will assume a channel
with fixed magnitude for the duration of the codewords, and
phase unbeknown to the transmitter, which is only able to gain
access to the magnitude of the channel coefficients; on the
other side, the receivers are assumed to have perfect channel
knowledge.
We propose a particular rate splitting scheme to address
this setting, with a public message multicast to the receivers
on top of the private messages from each antenna. As a Non-
Orthogonal Multiple Access (NOMA) scheme, is such that the
achievable rates are independent of the channel phases, and the
knowledge of channel magnitudes is exploited to optimize the
relative weights of each message. Numerical results for the
two-user case will reveal how rate splitting enlarges the rate
region of the baseline design based on superposition coding.
With respect to [8], where rate splitting was pointed out as
a method to deal with the lack of phase information in a
multibeam satellite setting, a more detailed study is performed
here, including a suitable theoretical framework, a general
overview of the relevant schemes, and the evaluation under
different operation regimes.
After presenting the system model in Section II, a brief
review of previous results is exposed in Section III. The main
contribution of the paper is contained in Section IV, with
numerical results detailed in Section V before the conclusions.
II. SYSTEM MODEL
For a generic number of users N , the MISO-BC is modeled
as y = Hx+w, with y ∈ CN×1 the received values at the N
single-antenna user terminals, H ∈ CN×N the square channel
matrix, x ∈ CN×1 the symbol vector transmitted by the N
antennas, w ∈ CN×1 zero-mean unit variance Additive White
Gaussian Noise (AWGN), such that E
[
wwH
]
= IN . The
transmit power is given by P = tr{xxH}, and for commonly
found technological constraints, the average per-antenna power
will be upper bounded by P/N .
We consider a block-fading channel, with the magnitude
of the channel entries [H]ij = hij constant during the
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2transmission of a codeword. We will focus on the two-user
MISO-BC, whose system equation reads as
y1 = h11x1 + h12x2 + w1, (1)
y2 = h21x1 + h22x2 + w2. (2)
The transmitter knows the channel quality of all links:
γij =
P
2
|hij |2, (3)
which represent signal to noise and interference to noise ratios,
respectively, and thus shall alternatively be denoted as
snr1 = γ11, snr2 = γ22, inr1 = γ12, inr2 = γ21. (4)
On the other side, the receivers have full knowledge of the
channel entries hij .
We are interested in computing an achievable rate region
of this channel, when the transmitter is oblivious to the
channel phase information. The corresponding setting without
cooperation among the transmitters feeding the antennas is
known as the interference channel (IC). The capacity region
of the IC is unknown, although the Han-Kobayashi (HK)
achievable rate [4] is a well-known inner bound; this scheme
yields the best single-letter inner bound for the performance
of the IC, and it is based on the splitting of the messages
into a private and a common part (to be decoded by both
receivers). Next we recapitulate some of the existing results
for the cooperative case, i.e., the MISO-BC.
III. REVIEW OF RELATED RESULTS
The problem under consideration can be stated as the
computation of an achievable rate region for the MISO-BC
with perfect Channel State Information at the Receiver (CSIR),
partial CSIT based on the feedback of the different channel
magnitudes, and per-antenna power constraints. This is a
highly relevant setting in practice, as detailed above, with
unknown capacity region. Next, we review several known
results for scenarios which share some (not all) of the features
of the problem under study.
The capacity region of the MIMO-BC assuming full CSIT
and global transmit power constraint is achieved by Dirty
Paper Coding (DPC) [1], a non-linear scheme with high imple-
mentation complexity. Under per-antenna power constraints,
the corresponding capacity region is necessarily smaller, and
has been derived in [10]. Both cases, with full CSIT required,
are not applicable if phase information is not available.
The vector broadcast channel with perfect CSIR and vector
channel magnitude information at the transmitter has been
studied in [5]. In this case the receivers report the total received
power, which amounts to the transmitter having access to the
norm of the different rows of the channel matrix H. It is
proved in [5] that the capacity region is the same as that for the
scalar broadcast case, and it is achieved by superposition cod-
ing. From [5, Lemma 5], the transmit vector x = u1+. . .+uN
is the superposition of N independent jointly Gaussian vectors,
each following un ∼ CN (0, INPn/N), and Pn the power
assigned to the nth user. The boundary of this capacity region
will set an inner bound for our scheme, which can exploit the
Fig. 1: Non-Coherent Rate Splitting (NCRS) scheme. DEMUX
(MUX) denotes splitting (combining) of the incoming mes-
sage(s).
additional information provided by the individual weights of
the different links. The knowledge of the weight of individual
paths provides some valuable information for the rate splitting,
improving on the superposition coding as analyzed in the
following section.
Also related to the MISO BC under study is the MISO
channel with one receive terminal and per-antenna power
constraints; this case is analyzed in [11], including also the
lack of CSIT.
IV. NON-COHERENT RATE SPLITTING
The proposed scheme in this paper, which will be termed as
Non-Coherent Rate Splitting (NCRS), applies a rate splitting
construction, and allows simple analysis and operation with
magnitude-only CSIT. Both messages are separated into public
(or common) and private sub-messages; the knowledge of
the channel quality information is exploited to allocate the
power and rates to the different sub-messages: see Fig. 1 for a
schematic description of the NCRS message encoding process.
Due to the complete absence of phase information, NCRS
departs from other solutions which operate with partial CSIT
knowledge. The scheme in [12] transmits the same common
message from both antennas, in what is known as interference
enhancement. It is also different from [2], where the com-
mon message is transmitted from all the antennas, after pre-
multiplication of the common symbol sequence by different
antenna weights. It is worth mentioning that works such as
[2], where beamforming and common information decoding
are combined, are usually subject to a global power constraint.
In Fig. 1, messages (m1,m2) addressed to the first and second
terminals, respectively, are split as m1 = (m1c ,m1p) and
m2 = (m2c ,m2p). The m1p and m2p messages are private
messages to be decoded only by user 1 and user 2, respectively,
whereas mc = (m1c ,m2c) acts as a public message to be
decoded by both users.
The messages m1p , mc and m2p are encoded and trans-
mitted by the sequences x1p[k], x1c[k], x2c[k] and x2p[k] as
sketched in Fig. 1, which for a given time instant k read as:
x1[k] =
√
P
2
(1− λ1) x1c[k] +
√
P
2
λ1 x1p[k], (5)
x2[k] =
√
P
2
(1− λ2) x2c[k] +
√
P
2
λ2 x2p[k]. (6)
3Each receiver first decodes the common message, cancels it
from the received signal and then decodes its respective private
message.
The relative contribution of the two users to the common
message can be modulated, in such a way that the information
rates of the two users can be expressed as
R1= R1p + α ·Rc, (7)
R2= R2p + (1− α) ·Rc, (8)
with the sum-rate equal to R1p+R2p+Rc. R1p, R2p and Rc
denote the information rates of the two private messages and
the common message, respectively, with the relative contribu-
tion of the two messages to Rc modulated by 0 ≤ α ≤ 1.
If all submessages are encoded into Gaussian codebooks,
then the achievable rate region of NCRS is the convex hull of
the regions {R(λ1, λ2, α), 0 ≤ λ1, λ2, α ≤ 1}, given by
R(λ1, λ2, α) =
{
R1 < log2
(
1 +
λ1γ11
1 + λ2γ12
)
+ α ·Rc
R2 < log2
(
1 +
λ2γ22
1 + λ1γ21
)
+ (1− α) ·Rc
Rc = min
(
log2
(
1 +
(1− λ1)γ11 + (1− λ2)γ12
1 + λ1γ11 + λ2γ12
)
,
log2
(
1 +
(1− λ1)γ21 + (1− λ2)γ22
1 + λ1γ21 + λ2γ22
))}
. (9)
The first term of both R1 and R2 in (9) correspond to the
respective private rates, limited by the interference caused by
the private symbols addressed to the other user. The common
message is removed after being decoded by both terminals. Its
achievable rate is set by the most restrictive terminal under the
presence of the private messages, this is why the minimum of
the rate of two 2× 1 links needs to be taken in (9).
Given the lack of phase information, the transmitter is
unable to discriminate among different spatial directions. The
multicast rate of the common message in (9) can be achieved
with Alamouti encoding, which transforms the vector channel
into a scalar channel. Thus, scalar codes can be used to attain
the no CSIT MISO channel capacity for the two-antenna case
[5]. The available magnitude information is used to determine
how much private and common information is sent from
each antenna when optimizing the rates in (9). As exposed
earlier, NCRS uses less information than DPC and other linear
precoding schemes at the transmit side, and it can be seen that
has lower complexity than HK’s joint decoding at the receive
terminals.
A. Symmetric Case
In order to get some useful insight, we address the sym-
metric case, with snr = snr1 = snr2 and inr = inr1 = inr2 in
(4). We need to determine only one variable λ = λ1 = λ2 to
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Fig. 2: Comparison of NCRS and HK in the symmetric case,
snr = 15 dB. (a) Sum-rate. (b) Weighting factor.
characterize identical rates for both users. From (9), the NCRS
sum-rate reads as
R = Rc + 2Rp = log2
(
1 +
(1− λ)(snr + inr)
1 + λ(snr + inr)
)
+
2 log2
(
1 +
λsnr
1 + λinr
)
, (10)
which is maximum for
λ? = min
{
snr − inr
inr(snr + inr)
, 1
}
, (11)
provided that snr > inr. This rate is necessarily not worse
than that for the HK scheme, when both transmitters cannot
cooperate. We will show the comparison for a specific case
in the next section; the expression of the corresponding HK
lower bound for the sum-rate in the symmetric case can be
seen in [1, Ex. 6.16], and can be derived by noting that the
rate splitting is such that the public messages sent from both
antennas give rise to two Multiple-Access Channels (MAC).
V. NUMERICAL RESULTS
First we compare the achievable sum-rate by both NCRS
and HK in a symmetric scenario, with results shown in Fig. 2.
The ratio of the sum-rates with respect to the sum-rate without
interference, Cawgn = 2 · log2(1 + snr), is depicted together
with the optimal weighting factor λ∗, with respect to the ratio
log inr/ log snr. The gain of NCRS with respect to HK, which
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Fig. 3: Achievable rate regions of NCRS in contrast to the channel capacity of different baseline schemes. R1 and R2 are given
in bps/Hz. In the bottom right case, NCRS and SC performance are identical, and the same happens with DPC and DPC-pac.
is relevant for intermediate interference regimes, comes from
the cooperation when encoding the two messages m1 and m2
and synthesizing the transmit symbols x1[k] and x2[k] in Fig.
1. Next we show the achievable rate region of NCRS using for
comparison the following baseline metrics: (i) DPC [6]; (ii)
DPC with per-antenna power constraints (DPC-pac) [10]; (iii)
Single-user MISO capacity under global power constraint and
full CSIT (MISO) [6]; (iv) Single-user MISO capacity under
per-antenna power constraint and full CSIT (MISO-pac) [11];
(v) superposition coding (SC) [5]; and (vi) frequency-division
multiplexing (FDM). Fig. 3 illustrates the results for different
channel magnitudes. The gain of NCRS with respect to SC
is due to the knowledge of the magnitude of the individual
links, which allows to optimize the amount of information
coming out of each antenna to a given terminal. Depending
on the specific setting, the gap till the channel capacity with
full CSIT can be significant, and it remains an open problem
to determine whether the rate region achieved by NCRS can
be further improved with some alternative encoding scheme.
VI. CONCLUSIONS
The two-user vector broadcast channel has been addressed
under the absence of phase information at the two-antenna
transmitter. A rate splitting approach between private and
common messages, properly optimized, has been used to
exploit the knowledge of the magnitude of the individual paths,
and compared with previously known results in the literature
which share only some of the constraints of the problem under
study. Further work can address a number of users higher than
two, although the complexity of the rate splitting scheme is
expected to grow significantly.
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